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(54) A frequency multiplier using a voltage controlled delay circuit 

(57) A voltage controlled delay circuit (31) is com- 
prised of a plurality of stages of delay cells and pro- 
duces a 2N number of signals (F1 to F2N) delayed 
behind a reference signal (Fref) in units of time corre- p re f 
sponding to 1/2N the delay time between the reference 
signal supplied to an input terminal of a first stage delay 
cell and a signal output from a final stage delay cell. A 
phase coincidence is achieved between the reference 
signal and the output signal from the final stage delay 
cell by a loop including a phase comparator (32), tow- 
pass filter (33) and voltage controlled delay circuit (31). 
An N multiplying logic circuit (38) produces an N multi- 
plied signal from the reference signal with only falls or 
rises of 2N delay signals (F1 to F2N). 
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Description 

The present invention relates to a frequency multi- 
plier using a voltage-controlled delay circuit and, in par- 
ticular, to a frequency multiplier for use in a 5 
microcomputer and DSP (digital signal processor). 

FIG. 9 shows a conventional ordinary N-muItiplying 
frequency multiplier. A reference signal Fref is supplied 
to an input terminal of a vottage-controlled delay circuit 
(VCD)1 and also to a first input terminal of a phase com- 10 
parator (PHC) 3. An output signal Fdel of the voltage 
controlled delay circuit 1 is supplied to an inverter 2. An 
output signal Fdeln of the inverter 2 is supplied to a sec- 
ond input terminal of the phase comparator 3. The 
phase comparator 3 detects a phase difference is 
between the falls or rises of both signals Fref and Fdeln 
and an error signal Verr corresponding to the phase dif- 
ference is supplied to an input terminal of a lowpass fil- 
ter (LPF) 4. The lowpass filter 4 takes out only a DC 
component of the error signal Verr and supplies it as a 20 
control voltage Vcont to a voltage controlled delay cir- 
cuit 1 . If feedback control is effected to cancel the phase 
difference between the reference signal Fref and the 
delay signal Fdeln, then the output signal Fdel of the 
voltage controlled delay circuit 1 becomes a half-period 25 
delayed reference signal Fref. 

The voltage controlled delay circuit 1 is comprised 
of a plurality of series-connected inverter circuits. The 
reference signal Fref is supplied to an input terminal of 
an initial stage inverter circuit and an output terminal of 30 
a final stage inverter circuit produces a delayed replica 
Fdel of the reference signal Fref. The voltage controlled 
delay circuit 1 has an n number of intermediate termi- 
nals. With k representing a natural number 1 to N, the k- 
th intermediate terminal produces a delay signal Fk 35 
obtained by delaying the reference signal Fref by 
(k-1)/N times the whole delay time of the delay signal 
Fdel to the reference signal Fref. That is, the delay sig- 
nal F1 is the same as the reference signal Fref, the 
delay signal F2 is delayed behind the reference signal 40 
Fref by 1/N times the whole delay time, and the delay 
signal FN is delayed behind the reference signal Fref by 
(N-1)/N times the whole delay time. 

The N-multiplying logic circuit 24 is comprised of an 
N/2 number of exclusive OR gates 5-1 to 5 -N/2 and an 45 
adder 8. Delay signals F1 and F2 output from the volt- 
age controlled delay circuit 1 are supplied to first and 
second input terminals of the exclusive OR gate 5-1 . An 
output signal D1 of the exclusive OR gate 5-1 is sup- 
plied to a first input terminal of the adder 8. In this way, so 
delay signals F(N-1) and FN output from the voltage 
controlled delay circuit 1 are supplied to first and second 
input terminals of the exclusive OR gate 5-N/2 and an 
output signal N/2 of the exclusive OR gate 5- N/2 is sup- 
plied to an N/2-th input terminal of the adder 8. The out- ss 
put signal of the adder 8 becomes an N-multipled signal 
Fout of the reference signal Fref. 

The circuit above produces the N -multiplied signal 
with the use of both the rise and fall of the delay signal 



(F1 to FN). 

Since, generally, the operation speed of an NMOS 
transistor constituting an inverter is faster than the oper- 
ation speed of a PMOS transistor, the rise and fall times 
of the signal propagating over the inverters of the volt- 
age controlled delay circuit 1 vary. 

As a result, the signal propagating in the voltage 
controlled delay circuit 1 becomes sometimes shorter in 
the high period than in the low period. An N multiplying 
signal, being composed from a signal whose duty ratio 
is not 50%, produces frequency jitters. 

Under these situation, in order to make the opera- 
tion speed of the NMOS transistor and that of the PMOS 
transistor equal to each other, control has sometimes 
been made on the transistor sizes, such as the channel 
length or channel width, of the PMOS and NMOS tran- 
sistors. It has been very difficult, however, to obtain 
exactly the same speed between both the type of tran- 
sistors because there is a variation in the manufacturing 
condition and in the threshold voltage Vth of these tran- 
sistors. 

Further, it has not been possible for the conven- 
tional circuit to, upon receipt of a reference signal whose 
duty ratio is not 50%, compose a multiplied signal by 
itself. 

As set out above, there has been restriction to the 
reference signal in the conventional technique. Further, 
the duty ratio of the multiplied signal does not become 
50% and the multiplied signal involves frequency jitters. 
It has been difficult to obtain an accurate multiplied sig- 
nal. 

It is accordingly the object of the present invention 
to provide a frequency multiplying circuit which, irre- 
spective of a reference signal's duty ratio, can stably 
generate a multiplied signal of a 50% duty ratio. 

Trie object of the present invention is achieved by 
the following circuit arrangement 

A frequency multiplying circuit comprises: 

a voltage controlled delay circuit receiving a refer- 
ence signal at an input terminal and generating a 
delay signal at an output terminal, the voltage con- 
trolled delay circuit having a control voltage input 
terminal and a 2N number of intermediate terminals 
for generating signals delayed behind the reference 
signal in units of time corresponding to 1/2N the 
whole delay time between the delay signal and the 
reference signal; 

a phase comparator supplied, at a first input termi- 
nal, with the delay signal output from the voltage 
controlled delay circuit and, at a second terminal, 
with the reference signal to produce an error signal 
corresponding to a phase difference between the 
delay signal and the reference signal; 
a lowpass filter supplied, at an input terminal, with 
the error signal output from the phase comparator 
and having an output terminal connected to a con- 
trol voltage input terminal of the voltage controlled 
delay circuit; and 
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An N multiplying logic circuit having a 2N number of 
input terminals connected to the corresponding 
intermediate terminals of the voltage controlled 
delay circuit to produce an N multiplied signal from 
the reference signal with only rises or falls of input 5 
signals thereof. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 10 

FIG. 1 is a circuit diagram showing a first embodi- 
ment of the present invention; 
FIG. 2 is a timing chart relating to the first embodi- 
ment of the present invention; 15 
FIG. 3 is a block diagram showing a second embod- 
iment of the present invention; 
FIG. 4 is a block diagram showing a third embodi- 
ment of the present invention; 
FIG. 5 is a block diagram showing a fourth embodi- 20 
ment of the present invention; 
FIG. 6 is a block diagram showing a fifth embodi- 
ment of the present invention; 
FIG. 7 is a block diagram showing a sixth embodi- 
ment of the present invention; 25 
FIG. 8 is a view showing a fall detection circuit of 
the present invention; and 
FIG. 9 is a view showing a conventional frequency 
multiplying circuit. 

30 

FIG. 1 shows a first embodiment of the present 
invention. The same reference numerals are employed 
to designate the same parts or elements throughout the 
specification and any further explanation is omitted. 

A reference signal Fref is supplied to the input ter- 35 
minal of a voltage controlled delay circuit 31. The volt- 
age controlled delay circuit 31 is adapted to control a 
delay amount of a signal in the circuit in accordance 
with a control voltage supplied to its control voltage 
input terminal. The voltage controlled delay circuit 31 40 
outputs a delay signal Fdel. that is, a signal obtained by 
delaying the reference signal Fref in accordance with a 
control voltage. 

The reference signal Fref is supplied to a first input 
terminal of a phase comparator 32 and the delay signal 45 
Fdel is supplied to a second input terminal. The phase 
comparator 32 detects a phase difference between the 
rises, or fails, of the input signal and outputs an error 
signal Verr corresponding to a phase difference. 

The error signal Verr is supplied to an input terminal so 
of a lowpass filter 33. The lowpass fitter 33 takes only a 
DC component out of the error signal Verr and supplies 
it as a control voltage Vcont to a control voltage input 
terminal of the voltage controlled delay circuit 31. 

Further, the voltage controlled delay circuit 31 has a ss 
2N number of intermediate terminals. With k represent- 
ing a natural number 1 to 2N, the Kth intermediate ter- 
minal outputs a delay signal Fk, that is, a signal 
obtained by delaying the reference signal Fref by 



(K-1)/2N times the whole delay time to the reference 
signal Fref of the delay signal Fdel. That is, a delay sig- 
nal F1 is the same as the reference signal Fref, a delay 
signal F2 is delayed behind the reference signal Fref by 
1/2N the whole delay time, and a delay signal F2N is 
delayed behind the reference signal Fref by (2N-1)/2N 
times the whole delay time. 

A 2N number of delay signals F1 to F2N are sup- 
plied to input terminals of an N-multiplying logic circuit 
38. The N-multiplying logic circuit 38 generates an N- 
multiplied signal Fout 

The N-multiplying logic circuit 38 comprises an N 
number of "rise" detection circuits 34-1 to 34-N and an 
adder 37. The delay signal F1 is supplied to a first input 
terminal of the "rise" detection circuit 34-1 and the delay 
signal F2 to a second input terminal. The respective 
"rise" detection circuit is comprised of a flip-flop circuit 
of, for example, two NOR gates. In the "rise" detection 
circuit 34-1 , for example, the delay signal F1 is supplied 
to a set terminal of an RS flip-flop and the delay signal 
F2 to a reset terminal of the RS flip-flop and a Q output 
terminal of the RS flip-flop produces an output signal 
D1 . in this way, delay signals F3 and F4 are supplied to 
the first and second input terminals of a "rise" detection 
circuit 34-2 and an output signal D2 is produced from 
the detection circuit 34-2 and delay signals F2N-1 and 
F2N are supplied to first and second input terminals of a 
"rise" detection circuit 34-N and an output signal DN is 
produced. These output signals D1 to DN are supplied 
to an N number of input terminal of an adder 37. The 
adder 37 produces an N-multiplied signal Fout of the 
reference signal Fref. 

The "rise" detection circuits 34-1 to 34-N in the N- 
multiplying logic circuit 38 produce a multiplied signal 
with the use of only the rising edges of the signal prop- 
agating in the voltage controlled delay circuit 31 . 

FIG. 2 shows a timing chart of the reference signal 
Fref, delay signal Fdel, delay signals F1 to F2N, "rise" 
detection circuit's output signals D1 to DN and N multi- 
plied signal Fout. With the cycle of the reference signal 
Fref represented by T, the phase difference between the 
adjacent delay signals is given by T/2N. A pulse-like 
output signal D1 is generated from the rising edges of 
the delay signals F1 and F2 as shown in FIG. 2. In this 
way, the signals D1 to DN are output from the rise 
detection circuits D1 to DN with the use of delay signals 
F1 to F2N. The N multiplied signal Fout of the reference 
signal Fref is generated by adding the output signals D1 
to DN of the "rise" detection circuits. 

According to the present invention, the multiplying 
signals are created with the use of only the rising edges 
of the delay signals of the voltage controlled delay cir- 
cuit and, irrespective of the duty ratio of the reference 
signal, a process variation, power supply voltage, tem- 
perature and so on, it is possible to obtain a multiplied 
signal of a 50% duty ratio and hence to obtain a multi- 
plied signal of less frequency jitters. 

In the present embodiment, the whole delay time 
between the reference signal Fref and the delay signal 
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Fdel of the voltage controlled delay circuit 31 is equal to 
one cycle of the reference signal Fref. As shown in FIG. 
2, therefore, the signals F1 and F(N+1), signals F2 and 
F(N+2), • • • , signals FN and F2N, propagating in the 
voltage controlled delay circuit 31 provide mutually 5 
inverted signals. By inverting the delay signals F1 to FN 
output from the voltage controlled delay circuit it is pos- 
sible to obtain the same signals as delay signals F(N+1) 
to F2N. 

FIG. 3 shows a second embodiment of the present 10 
invention with the use of this method. 

A circuit shown in FIG. 3 comprises the same circuit 
as shown in FIG. 3, that is, a voltage controlled delay 
circuit 1 , inverter 2, phase comparator 3 and lowpass fil- 
ter 4 as well as an inverting circuit 65 and N multiplying 15 
logic circuit 38. 

As in the case of the conventional circuit as shown 
in FIG. 9, the voltage controlled delay circuit 1 generate 
delay signals F1 to FN delayed behind the reference 
signal Fref by in 1 /N units of the delay time between the 20 
reference signal Fref and the delay signal Fdel. 

Delay signals F1 to FN are supplied to the input ter- 
minals of the inverting circuit 65. The inverting circuit 65 
creates inverted replicas F(N+1) to F2N of the delay sig- 
nals F1 to FN. 25 

The N multiplying logic circuit 38 is of such a type 
as shown in FIG. 1. The delay signals F1 to FN and 
inverted signals F{N+1) to F2N are supplied to a 2N 
number of input terminals of the N multiplying logic cir- 
cuit 38. The N multiplying logic circuit 38 generates an 30 
N multiplied signal Fout with the use of the rises of these 
signals F1 to F2N. 

According to the present embodiment it is possible 
to obtain the same advantage as in the first embodiment 
and to render the number of intermediate output taps of 35 
the voltage controlled delay circuit and of inverter circuit 
one half those of the first embodiment. 

FIG. 4 shows a third embodiment of the present 
embodiment. 

The circuit shown in FIG. 4 comprises a voltage 40 
controlled delay circuit 31 , N multiplying logic circuit 38, 
divide-by-N frequency divider (N-DIV) 103, phase com- 
parator 32 and lowpass filter 33. 

The voltage controlled delay circuit 31 is supplied, 
at its input terminal, with a reference signal Fref and 45 
generates delayed replicas (signals) F1 to F2N of the 
reference signal Rref as in the same way as shown in 
FIG. 1. 

The N multiplying logic circuit 38 is the same as that 
shown in FIG. 1. TTie delay signals F1 to F2N are sup- so 
plied to the input terminals of the N multiplying logic cir- 
cuit 38. The N multiplying logic circuit 38 outputs an N 
multiplied signal Fout. 

The divide-by-N frequency divider 103 is supplied, 
at its input terminal, with the N multiplied signal Fout ss 
and generates an N divided signal Fs. 

The phase comparator 3 receives the output signal 
Fs of the divide-by-N circuit 1 03 at its first input terminal 
and the reference signal Fref at its second input termi- 



nal. The phase comparator 3 generates an error signal 
Verr. 

The error signal Verr is supplied to the input termi- 
nal of the lowpass filter 4 and the output terminal of the 
lowpass filter 4 is connected to a control voltage input 
terminal of the voltage controlled delay circuit 31 . 

The third embodiment can obtain the same advan- 
tage as in the first embodiment. In the first and second 
embodiments as set out above, a delay occurs in the N 
multiplying logic circuit and there occurs a correspond- 
ing phase difference between the reference signal Fref 
and the N multiplied signal Fout. Although, in the third 
embodiment, the N multiplying logic circuit 38 is 
inserted in a phase-locked loop, it is possible to obtain 
an N-multipled signal Fout having no phase difference 
relative to the reference signal Fref. 

FIG. 5 shows a fourth embodiment of the present 
invention. 

The circuit of this embodiment comprises a voltage 
controlled delay circuit 31 , N multiplying logic circuit 38, 
synchronous circuit 123, phase comparator 32 and low- 
pass filter 33. 

The voltage controlled delay circuit 31 is the same 
as that shown in FIG. 1 . A reference signal Fref is sup- 
plied to the input terminal of the voltage controlled delay 
circuit 31 . The voltage controlled delay circuit 31 gener- 
ates delay signals F1 to F2N and delay signal Fdel. 

The N multiplying logic circuit 38 is the same as that 
shown in FIG. 1. The N multiplying logic circuit 38 
receives the delay signals F1 to F2N at its input terminal 
and generates an N multiplied signal Fout at its output 
terminal. 

The synchronous circuit 123 is comprised of, for 
example, a latch circuit. The synchronous circuit 123 
receives an output signal Fdel of the voltage controlled 
delay circuit 31 at its data input terminal Data and the N 
multiplied signal Fout at its clock input terminal Ck. An 
output terminal Out of the synchronous circuit 123 gen- 
erates a signal Fs. 

The output signal Fs of the synchronous circuit 123 
is supplied to a first input terminal of the phase compa- 
rator 32 and the reference signal Fref to a second input 
terminal of the phase comparator 32. The phase com- 
parator 32 produces an error signal Verr. 

The error signal Verr is supplied to the input termi- 
nal of the lowpass filter 33 and the output terminal of the 
lowpass filter 33 is connected to a control voltage input 
terminal of the voltage controlled delay circuit 31 . 

According to this embodiment it is possible to 
obtain the same advantage as in the embodiment 
shown in FIG. 1. Since, in the fourth embodiment, the N 
multiplying logic circuit 38 is inserted in the phase- 
locked loop as in the embodiment shown in FIG. 4, it is 
possible to obtain the N multiplied signal Fout. 

FIG. 6 shows a fifth embodiment of the present 
invention. 

The circuit of FIG. 6 comprises a PLL circuit 147, 
exclusive OR circuit 145 and N multiplying logic circuit 
38. The PLL circuit 147 comprises a voltage controlled 
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oscillator (VCO)141 , divide-by-M frequency divider 142, 
phase comparator 32 and lowpass fitter 33. 

The voltage controlled oscillator 141 is comprised 
of a ring oscillator constituted by a plurality of series- 
connected delay cells. An output signal Fsig of a final- s 
stage delay cell is connected to an input terminal of a 
first stage delay cell. The amount of delay in the respec- 
tive delay cell is controlled by a voltage supplied to the 
control voltage input terminal of the voltage controlled 
oscillator. w 

The output signal Fsig of the voltage controlled 
oscillator 141 is supplied to the input terminal of the fre- 
quency divider 142. The divide-by-M frequency divider 
142 generates a corresponding divided signal Fs. 

The reference signal Fref is supplied to a first input is 
terminal of the phase comparator 32 and the output sig- 
nal Fs of the frequency divider 142 is supplied to a sec- 
ond input terminal of the phase comparator 32. The 
phase comparator 32 compares the reference signal 
Fref with the signal Fs to produce an error signal Verr. 20 

The error signal Verr is supplied to the input termi- 
nal of the lowpass f Dter 33. The output terminal of the 
lowpass filter 33 is connected to the control voltage 
input terminal of the voltage controlled delay circuit 141 . 
For this reason, the frequency of the output signal Fsig 25 
of the voltage controlled oscillator becomes M times the 
frequency of the reference signal Fref. 

The voltage controlled oscillator 141 generates 
delay signals F1 to FN delayed behind the output signal 
Fsig in units of a delay amount of 1/2N the oscillation 30 
cycle of the output signal Fsig. With k representing a 
natural number from 1 to N, the delay signal Fk is 
delayed behind the signal Fsig by a time of (k-1)/2N 
times the cycle of the signal Fsig. 

The exclusive OR circuit 145 is comprised of an N 35 
number of exclusive OR gates. The delay signals F1 to 
FN are supplied to the corresponding first input termi- 
nals of an N number of exclusive OR gates. Further, the 
output signal Fsig of the voltage controlled oscillator 
141 is supplied to the second input terminals of the N 40 
number of exclusive OR gates. The output terminals of 
the N number of the exclusive OR gates produce the 
corresponding signals FV to FN*. 

The N multiplying logic circuit 146 comprises a N/2 
number of "rise" detection circuits, as in the case of the 45 
"rise" detection circuits in the N multiplying logic circuit 
38, and an addition circuit for adding together the output 
signals of these "rise" detection circuits. The signals FV 
to FN' are supplied to the N number of input terminals of 
the N multiplying logic circuit 146. For example, the sig- so 
nal FV is supplied to the first input terminal of the first 
"rise" detection circuit and the signal F2* to the second 
input terminal. The signal F3' is supplied to the first input 
terminal of the second "rise" detection circuit and the 
signal F4' is supplied to the second input terminal. Fur- ss 
ther, a signal Fout is output from the addition circuit, not- 
ing that it has a frequency of M x N times that of the 
reference signal Fref. 

According to this embodiment, if a multiplying sig- 



nal with a multiplying number as large as, for example, 
several hundreds of times is obtained, it is possible to 
lower the multiplying number in the PLL circuit 147 and 
to lower the frequency jitters. Further, by increasing the 
multiplying number of the multiplying logic circuit it is 
possible to increase a multiplying number without vary- 
ing the oscillation frequency of the voltage controlled 
oscillator and the frequency division ratio of the divider. 

FIG. 7 shows a sixth embodiment of the present 
embodiment 

The circuit of FIG. 7 comprises a PLL circuit 147, 
voltage controlled delay circuit 1 72 and N multiplying 
logic circuit 38. Like the PLL circuit as shown in FIG. 6, 
the PLL circuit 147 comprises a voltage controlled oscil- 
lator 141, divide-by-M frequency divider (M-DIV) 142, 
phase comparator 32 and lowpass filter 33. 

Further, the voltage controlled oscillator 141 is 
comprised of an N stage of delay cells. The output sig- 
nal Fsig of the N-th delay cell is supplied to the input ter- 
minal of the 1st delay cell. The voltage controlled 
oscillator 141 produces delay signals F1 to FN delayed 
behind the signal Fsig in units of a delay amount of 1/2 N 
the oscillation cycle of the output signal Fsig. 

The voltage controlled delay circuit 172 is com- 
prised of an N stage of delay ceils the same as those in 
the voltage controlled oscillator 141. The output signal 
Fsig of the voltage controlled oscillator 141 is supplied 
to the input terminal of the 1st delay cell and the output 
signal of the lowpass filter 33 is supplied to the control 
voltage input terminal. The voltage controlled delay cir- 
cuit 172 produces signals F(N+1) to F2N delayed 
behind the output signal Fsig in units of a delay amount 
of 1/2N the oscillation cycle of the output signal Fsig. 

The N number of delay signals F1 to FN of the volt- 
age controlled oscillator 141 and N number of delay sig- 
nals F(N+1 ) to F2N are supplied to a 2N number of input 
terminals of the N multiplying logic circuit 38. The output 
signal Fout of the N multiplying logic circuit 38 has a fre- 
quency of M x N times that of a reference signal Fref. 

According to the present invention it is possible to 
obtain the same advantage as that of FIG. 6. That is, 
since the multiplying number can be lowered in the PLL 
circuit 147, it is possible to lower the frequency jitters. 

Although, in the embodiment as set out above, the 
N multiplying logic circuit has been explained as using 
the "rise" detection circuits including the flip-flop com- 
posed of two NOR gates as well as the adding circuit, 
the present invention is not restricted thereto. The N 
multiplying logic circuit can comprise lair detection cir- 
cuits using a flip-flop comprised of, as shown in FIG. 8, 
two NAND gates for instance and an AND circuit to the 
input terminals of which the output terminals of the "fall- 
detection circuits are connected. The "rise" detection 
circuit or "fall" detection circuit is naturally not restricted 
only to the fiip-f lop. 

Claims 

1. A frequency multiplying circuit characterized by 
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comprising: 

a voltage controlled delay circuit (31) receiving 
a reference signal (Fret) at an input terminal 
and generating a delay signal (Fdel) at an out- s 
put terminal, the voltage controlled delay circuit 
having a control voltage input terminal and a 
2N number of intermediate terminals for gener- 
ating signals delayed behind the reference sig- 
nal in units of time corresponding to 1/2N the 10 3. 
whole delay time between the delay signal and 
the reference signal; 

a phase comparator (32) supplied, at a first 
input terminal, with the delay signal (Fdel) out- 
put from the voltage controlled delay circuit 75 
and, at a second terminal, with the reference 
signal (Fref) to produce an error signal (Verr) 
corresponding to a phase difference between 
the delay signal and the reference signal; 
a lowpass filter (33) supplied, at an input termi- 20 
nal, with the error signal output from the phase 
comparator and having an output terminal con- 
nected to a control voltage input terminal of the 
voltage controlled delay circuit; and 
an N multiplying logic circuit (38) having a 2N 25 
number of input terminals connected to the cor- 
responding intermediate terminals of the volt- 
age controlled delay circuit to produce a N 
multiplied signal from the reference signal with 
only rises or falls of input signals thereof. 30 

2. A frequency multiplying circuit characterized by 
comprising: 

a voltage controlled delay circuit (1 ) receiving a 35 
reference signal (Fref) at an input terminal and 
generating a delay signal (Fref) at an output 
terminal, the voltage controlled delay circuit 
having an N number of intermediate terminals 
for generating signals delayed behind the refer- 40 
ence signal in units of time corresponding to 
1/N the whole delay time between the delay 
signal and the reference signal; 4. 
a phase comparator (3) supplied, at a first input 
terminal, with an inverted replica (Fdeln) of the 45 
delay signal output from the voltage controlled 
delay circuit and, at a second input terminal, 
with the reference signal to produce an error 
signal (Verr) corresponding to as phase differ- 
ence between the delay signal and the refer- so 
ence signal; 

a lowpass filter (4) supplied, at an input termi- 
nal, with the error signal from the phase com- 
parator and having an output terminal 
connected to a control voltage input terminal of ss 
the voltage controlled delay circuit; and 
an N multiplying logic circuit (38) having a 2N 
number of input terminals, the N number of 
input terminals being connected to the N 



number of intermediate terminals of the voltage 
controlled delay circuit and the remaining N 
number of input terminals being supplied with 
inverted replicas of the signals output from the 
N number of intermediate terminals, the N mul- 
tiplying logic circuit producing an N multiplied 
signal from the reference signal with only falls 
or rises of the input signals. 

A frequency multiplying circuit characterized by 
comprising: 

a voltage controlled delay circuit (31) receiving 
a reference signal (Fref) at an input terminal 
and generating a delay signal at an output ter- 
minal, the voltage controlled delay circuit hav- 
ing a 2N number of intermediate terminals for 
generating signals delayed behind the refer- 
ence signal in units of time corresponding to 
1/2N the whole delay time between the delay 
signal and the reference signal; 
an N multiplying logic circuit (38) connected at 
2N input terminals to a 2N number of interme- 
diate terminals of the voltage controlled delay 
circuit to produce an N multiplied signal from 
the reference signal with only rises or falls of 
input signals; 

a divide-by-N frequency divider (103) supplied, 
at an input terminal, with an N multiplied signal 
from the N multiplying logic circuit and produc- 
ing an N divided output signal; 
a phase comparator (32) supplied, at a first 
input terminal, with the output signal (Fs) from 
the divide-by-N circuit and, at a second input 
terminal, with the reference signal to produce 
an error signal (Verr) corresponding to a phase 
difference between both the signals; and 
a lowpass filter (33) supplied, at an input termi- 
nal, with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit. 

A frequency multiplying circuit characterized by 
comprising: 

a voltage controlled delay circuit (31) receiving 
a reference signal (Fref) at an input terminal 
and generating a delay signal (Fdel) at an out- 
put terminal, the voltage controlled delay circuit 
having a 2N number of intermediate terminals 
for generating signals delayed behind the refer- 
ence signal in units of time corresponding to 
1/2N the whole time between the delay signal 
and the reference signal; 
an N multiplying logic circuit (38) connected at 
2N input terminals to the 2N number of inter- 
mediate terminals of the voltage controlled 
delay circuit to produce an N multiplied signal 
from the reference signal with only rises or falls 
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of the input signals; 

a synchronous circuit (123) supplied, at a data 
input terminal (Data), with the delay signal 
(Fdel) from the voltage controlled delay circuit 
and, at a clock input terminal (Ck), with the N s 
multiplied signal from the N multiplying logic 
circuit to produce the delay signal correspond- 
ing to the N multiplied signal; 
a phase comparator (32) connected at a first 
input terminal to an output terminal of the syn- w 
chronous circuit and supplied, at a second 
input terminal, with the reference signal to pro- 
duce an error signal (Veer) corresponding to a 
phase difference between both the signals; and 
a lowpass filter (33) supplied, at an input termi- is 
nal, with the error signal from the phase com- 
parator and connected at an output terminal to 
a control voltage input terminal of the voltage 
controlled delay circuit. 

20 

5. A frequency multiplying circuit characterized by 
comprising: 

a voltage controlled oscillator (141) having an 
input terminal connected to an output terminal 25 
thereof and producing an oscillation signal 
(Fsig) at an output terminal, the voltage control- 
led oscillator having an N number of intermedi- 
ate terminals for generating a signal delayed 
behind the oscillation signal in units of time cor- 30 
responding to 1/2N the cycle of the oscillation 
signal; 

a frequency divider (1 42) connected at an input 
terminal to the output terminal of the voltage 
controlled oscillator to produce a frequency 35 
divided signal (Fs) from the oscillation signal; 
a phase comparator (32) supplied at a first 
input terminal with the frequency divided signal 
from the frequency divider and at a second 
input terminal with a reference signal to pro- 40 
duce an error signal (Verr) corresponding to a 
phase difference between both the signals; 
a lowpass filter (33) supplied at an input termi- 
nal with the error signal from the phase compa- 
rator and connected at an output terminal to a 45 
control voltage input terminal of the voltage 
controlled oscillator; 

an N number of exclusive OR circuits (145) 
connected at a first input terminal with a corre- 
sponding output terminal of the voltage control- so 
led oscillator and at second input terminals 
connected to an N number of intermediate ter- 
minals of the voltage controlled oscillator; and 
an N multiplying logic circuit (146) connected at 
N input terminals to output terminals of the N ss 
number of exclusive OR circuits to produce an 
N muitipled signal from the oscillation signal of 
the voltage controlled oscillator with only rises 
or falls of input signals. 



6. A frequency multiplying circuit characterized by 
comprising: 

a voltage controlled oscillator (141) connected 
at an input terminal to an output terminal 
thereof and supplied at the output terminal with 
an oscillation signal (Fsig), the voltage control- 
led oscillator having an N number of intermedi- 
ate terminals for generating the signal delayed 
behind the oscillation signal in units of time cor- 
responding to 1/2N the cycle of the oscillation 
signal; 

a voltage controlled delay circuit (172) con- 
nected at an input terminal to the output termi- 
nal of the voltage controlled oscillator and 
having an N number of intermediate terminals 
for generating signals delayed behind the oscil- 
lation signal in units of time corresponding to 
1/2N the cycle of the oscillation signal; 
a frequency divider (1 42) connected at an input 
terminal to an output terminal of the voltage 
controlled oscillator to produce a frequency 
divided signal (Fsig) from the oscillation signal; 
a phase comparator (32) supplied, at a first 
input terminal, with the frequency divided sig- 
nal from the frequency divider and, at a second 
input terminal, with the reference signal to pro- 
duce an error signal (Verr) corresponding to a 
phase difference between both the signals; 
a low pass filter (33) supplied, at an input termi- 
nal, with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled oscillator and to a 
control voltage input terminal of the voltage 
controlled delay circuit; and 
an N multiplying logic circuit (38) having a 2N 
number of input terminals, the N input termi- 
nals of which are connected to N intermediate 
terminals of the voltage controlled oscillator 
and the remaining N input terminals of which 
are connected to N intermediate terminals of 
the voltage controlled delay circuit to produce 
an N muitipled signal from an oscillation signal 
of the voltage controlled oscillator with only 
rises or falls of the input signals. 

7. A frequency multiplying circuit according to claims 
1, 2, 3, 4 and 6 characterized in that the N multiply- 
ing logic circuit comprises 

an N number of flip-flop circuits (34-1 to 34-N) 
connected at input terminals to the correspond- 
ing input terminals of the N multiplying logic cir- 
cuit and 

an addition circuit (37) connected at N input ter- 
minals to the corresponding output terminals of 
the N number of flip-flop circuits to produce an 
N multiplied signal. 
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A frequency multiplying circuit according to claim 5, 
characterized in that the N multiplying logic circuit 
comprises 

a N/2 flip-flop circuits connected at input termi- 5 
nals to the input terminals of the N multiplying 
logic circuit; and 

an addition circuit connected at N/2 input termi- 
nals to the output terminals of the N/2 flip-flop 
circuits to produce an N multiplied signal. 10 
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